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B^ckgiound 


<* Changes in design paradigm have made possibie contra- 
lolaling open lolorCCROFO piopuision systems that can lelain 
theirinheientfiiei-efliciency advantage over turbofens white 
atso be acoustkatty acceptabte. 




Lowertip speeds, increased notordianneters& 
retor-notor spacing, unequal blade counts 


Shift in Design 
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<* Designing iow-noise contra-rotating open rotor (CROIQ 
propuision systems that can 
legulationsand cabin noise 
acoustic prediction toois. 

Since CRORnoise spectra 
exhibit a preponderance of 
tones* predicting theirtone 
content has been the foe us 
of many pastand cuirent 
studies 


In this study, a NASA open rotortone noise model was assessed 
for its ability to predictCRORneaifield tone noise atciuise. 

the testbed isa benchmatkGE model scale CRDRblade set 
called F31/A31forwhich extensive aero/acoustic data exist 
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meet both community noise 
limits requires reliable aero/ 








Acoustic Analogy — ^ Hbvucs Williams Hawkings Eq. 
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Quadmpoie Noise 


A = -(p- Poh' Aj = P^i^j + ^ij [(p- Po)~4 (p - Po)] 


Owing to the linearity of the acoustic field, the acoustic contribution 
of each rotorcan be calculated separately and the two contributions 
combi nedjto estimate CROR noise field. 
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Ar”iA!r)Ng CRORIbne Noise Model 



<*1bnal acoustic field forfiontiotor 
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Quadmpole Noise 
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Unsteady aerodynamic 
Harmonic Index 


Ihickness noise isproduced atthe harmonics of the blade passing frequency of each 
rotor. Loading noise and quadmpole noise are produced atthe harmonics of the 
blade passing frequency of each rotor as well as at the sum and difference 
combinationsof the front and aft rotor blade passing frequencies. 


HvlAIISNl^BORIbne Noise Model (Contd) 


Tone amplitudes of various sources 
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Loading Source Source Propagation 

0 (aerodynamic input - CFD) Directivity 


UNPROP Code 
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Quadrupole Source 
^ (aerodynamic input - CFD) 
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Asymptotic approximations to integrate over source time ryieid efficient formuias of 
computing CRORtone amplitudes Replace (Sj & fi^) w. & 02) foraft rotortones 
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A#iodynamic Input 


Aerodynamic inputforuse in the acoustic model (i.e., blade 
loading and Lighthill tensor distributions) can be extracted or 
leconsbucted from unsteady aerodynamic simulations. 

Inthiswoikcommeicial CFDsoftwaie package HN^tuifoo^ 
was used to generate the requited unsteady aerodynamic 
inputs. 

the nonlinear harmonic (NLH) approximation was used to 
significantly reduce unsteady aerodynamic simulation times. 

Means plus three harmonics of the unsteady flow were 
considered in this study. For the dense grid used: 

• NLH CPU time ~ 5-6 X steady state solution time 

* RjII unsteady CPU time ~100x steady state solution time 
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MY IMI Aerodynamic Input (Contcl) 


The NLH grid iscomprised of 73 blocksand 27.1x10® mesh 
points. One passage each of the fiontand aft lotors plus 
ancillary legions like spinner, hub and faifield aie included. 



Ftont Rotor Blade Count 

12 

Aft Rotor Blade Count 

10 

Ftont Rotor Diameter 

0.66m 

Aft Rotor Diameter 

0.63m 

Rotor- Rotor Spac ing 

0.20m 



HN^Tuibo'"^ Computational Block 
(faifield bloc ks shown in giay) 
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<* Aeiodynamic/Acouslk; data used fbrcompaiisons in this study 
were acquired in the NASA S' x 6' high speed wind tunnei. 
Aerodynamic data inciude thmstand toique measurements* 
and acoustic data inciude nearlieid sideiine measurements. 



Model Scale GE F31/A31 Vertical Positions of the Plate 

Installed in NASA 8' x 6' WT Relative to Open Rotor Axis 
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In total eighttip speed conditions vueie simulated. The front and 
aft rotor speeds were equal tbrall cases though neitherthe 
aero northe acoustic model is restricted to equal RPM cases. 



Mean Ressuie Distribution 
at Highest Speed 
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Redicted &Measuied Ropulsorlhmst 
asa Function of RotDr Collected Speed 


Propulsor Thrust, Ibf 



AeousHe Riidictions 
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"lone spectial comparisons at the highesttip speed broadside 
to the aft rotor for farthest plate position. 
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Shaft Order 


Typically, notortonesane well-predicted using thickness^ loading sourcesonly, but 
NationaiAe interaction tonesrequire the inclusion of quadrupole source for better agreement. 
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J%r'!A!ii)Ni Acoustic Rediclions (Contd) 

SelecttDne SPLsatthe highestlip speed bioadside to the aft 
lolorforall plate positions. 

Vertical Distance in Front Rotor Tip Radii 
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National 


Vertical Distance From Rotor Axis, m 

Absolute level of notortonesare generally well-predicted (avg. Emor = ldB). 
Ihe agreement for the interaction tones is fair (avg. Emor< 3dB). 
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J%r'!A!ii)Ni Acoustic Rediclions (Contd) 

Tone OASPLatthe highesttip speed broadside to the aft 
lotorlbrall plate positions. 

Vertical Distance in Front Rotor Tip Radii 
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Nations 


Vertical Distance From Rotor Axis, m 

Tone OASPL is extremely well-predicted in all but one plate position. Ihe 
predicted trend with plate distance islesserratic than the measured trend. 
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iS/IATIvNi Acoustic Rodictions (Conf d) 

<* 1bne OASPLasa function of tip speed broadside to the aft 
rotorfortwo plate positions. 



Measurements 
indicate aft rotor 
is nearwindmill 
at this speed. 
Predicted aft 
rotor thrust more 
than twice the 
measured thrust. O 
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Corrected Rotor Speed, RPM 

For nearest plate position tone OASPL is extremely well-predicted at all 
but the lowest speed. For the farthest plate position the agreement is fa in 
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J%r'!A!ii)Ni AcousHc FVediclions (Contd) 


Tone OASPLdiiectivity Ibrhighesttip speed Ibr neatest plate 
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Ihe data -theory agree merit for the basic featuresand trendsoftone OASPL directivity 
isgood. In the neighborhood of the broadside location the levelsare well-predicted. 



AcousUc Predictions (Contd) 



"lone OASPLdiiectivity fbrhighesttip speed for farthest plate 
position. 
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Plate Position = 1.16 m 
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Ihe data -theory agreement for the basic featuresand trendsoftone OASPL directivity 
is fair In the neighborhood of the broadside location the levelsare well-predicted. 



MY IMI Summary 

Assessment of a NASA acoustic analogy based open lotornoise 
piediction model has been earned out using neaifield acoustic 
data acquired fbra model scale open retDratemise condition. 

Comparisons indicate thatthe sbongesttonesas well astone 
OASI^are well predicted fbrthe breadside locations for which 
plate boundaiy layerand end-effect coirections are relatively 
small. 

Ihe quadmpole source does not influence the levels of retor 
tonesy butiscmcial in deteimining the inteiaction tone levels. 

Not unexpectedly, the aft retor contribution is more significant 
than the flont rDtor's. 

Ihicknessand loading source levels contribute reughly equally for 
the fiontrDtDrtDnes^ butforthe aft retor tones the loading noise is 
entirely dominant 
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